ABSTRACT
Introduction
it is well known that the biopharmaceutical industry plays an indispensable role in the national economy of china. in 2009, China was ranked first in the world in production and export of antibiotics -14.7 million and 2.5 million tons, respectively, in comparison to the global production of 20 million tons (9) . the north china Pharmaceutical company, the chief biopharmaceutical company in china, generates an abundant harvest of bacterial residue -about ten thousand tons per year. During the production of streptomycin, a mass of waste bacterial residue is generated. in the past, the bacterial residues were used as feed additives in china. Unfortunately, doubts of their suitability as a feedstock have been raised because of the small amount of antibiotics, the large number of fermentation by-products, metabolic products and by-products remaining in the bacterial residues (9) . the streptomycin bacterial residue is one of the hazardous wastes in china. therefore, the streptomycin bacterial residue should be managed strictly in accordance with the hazardous waste regulations. it is urgently important to search for safe and effective treatments of the streptomycin bacterial residue.
the streptomycin bacterial residue is comprised of the mycelium, remaining medium, metabolites, organic solvents, small quantities of antibiotics and a large number of the fermentation by-products. in recent years, some bacterial, fermentation and biological residues, including waste nutshells and straw, are beginning to be used as activated carbon materials. Such practices are important for the regional economy, since high value products are obtained from lowcost materials, simultaneously solving the problem of disposal and environment protection (1, 9) . But the method also has some disadvantages, such as costly chemical compounds and low strength constant and specific surface area of activated carbon products of the bacterial residue. Biomass pyrolysis is a fundamental thermochemical conversion process of both industrial and ecological importance. that is why the possibility to obtain carbon residue, distilled oil, volatile gases, etc. through pyrolysis of bacterial residue is under investigation. however, the reuse of carbon residue, distilled oil, and volatile gases is very difficult (9) .
Anaerobic digestion of antibiotic bacterial residue has already been performed as a means for producing energy-rich biogas and reducing problems associated with the disposal of bacterial residue (9) . Some research groups have developed anaerobic digestion process using different antibiotic bacterial residue (11, 12) , e.g. biomethanization of organic material (20) . however, microbial cell walls contain glycan strands crosslinked by peptide chains, causing resistance to biodegradation. therefore the hydrolysis of particulate organic material has been regarded as the rate-limiting step in anaerobic digestion (13) . Alkaline pretreatment is probably the best known and significant method for enhancing the biodegradation of complex materials (3, 8, 14, 16, 17 (6) suggested that alkaline pretreatment also removed acetyl and different kinds of uronic acid substitutions on hemicellulose, which lowered the extent of enzymatic hydrolysis of cellulose and hemicellulose. thermal-alkaline pretreatment could be applied to promote the dissolving and decomposition of microbial cells and organic material so as to improve the anaerobic digestibility (5, 21) . to our knowledge, there are no reports about anaerobic digestion of streptomycin bacterial residue. it is recognized that the rate-limiting step of anaerobic digestion processes for the streptomycin bacterial residue with a high mycelium and solid content is the hydrolysis of the complex organic matter to soluble compounds. To increase the efficiency of anaerobic digestion of the streptomycin bacterial residue, thermalalkaline pretreatment methods were used. the ScoD and VSS solubilization efficiency of thermal and thermal-alkaline pretreatment of the streptomycin bacterial residue was studied; the biodegradability of streptomycin bacterial residues was evaluated by biochemical methane potential test; and the ph of the biochemical methane potential test system was measured.
Materials and Methods
Materials the streptomycin bacterial residue was obtained from the north china Pharmaceutical company, hebei, china, which was stored in refrigerator (269.15 K). the characteristics of the streptomycin bacterial residue were analyzed before the experiment ( Table 1) . to study the effects of sodium hydroxide on the streptomycin bacterial residue solubilization two independent variables were considered: concentration of sodium hydroxide and temperature. the ratio of naoh/tS and solubilization temperature were considered in the statistical assessment. the solubilization time was 10 h. the effectiveness of the thermal-alkaline pretreatment in the solubilization of the samples was evaluated based on the solubilization degree, i.e. the quantity of soluble organic matter expressed as ScoD and VSS solubilization, which were calculated as follows:
where SCOD f is the final soluble chemical oxygen demand (mg/l) and SCOD i is the initial soluble chemical oxygen demand (mg/l);
where VSS i is the initial volatile suspended solid (mg/l) and VSS f is the final volatile suspended solid (mg/L).
Biochemical methane potential test
Biochemical methane potential (BMP) test was performed to determine the ultimate ch 4 yield of organic substrate and for monitoring biochemical methane potential (18, 19, 22, 23) . the anaerobic biodegradability of the final soluble products of the pretreatment was evaluated by modified BMP (24) . Anaerobic digested seed was obtained from north china Pharmaceutical company, hebei, china.
Methane production was assessed by batch biochemical methane potential test in mesophilic conditions (308.15 K). each sample was mixed in a 120 ml serum bottle with 50 ml mesophilic microbial inoculums, 20 ml testing sample and 30 ml deionized water. the methane produced from each reactor was collected in naoh solution (10%), which was used to remove acid gas, such as co 2 , h 2 S. Methane displaced a measurable volume of naoh solution from the reservoir, which was the methane volume. the BMP test continued up to 40 days.
Apparatus and methods of analysis tcoD, ScoD, tS, VS, tSS, SS, and VSS were determined based on the chinese Standard (GB/t 5009-2003, china). the liquid sample was centrifuged at 10,000 rpm and 298.15 K and filtrated through 0.45 μm cellulose acetate membrane. pH was assessed by directly inserting the probe into the mixtures. the ph measurement was carried out with a Mettler-toledo ph/ conductivity meter using a combined ph electrode le409. the precision of the ph measurements was ± 0.01 ph units. Before each ph value reading, the ph buffer solution was used to check the measurements of the electrode.
Results and Discussion
Thermal pretreatment Fig. 1 and Fig. 2 show the ScoD and VSS solubilization after thermal pretreatment. We could know that the ScoD and VSS solubilization increased with time. the average time to achieve peak concentrations was about 2 hours. the ScoD and VSS solubilization in these solutions increased slightly when the temperature was increased. For instance, the ScoD was 6066 mg/l at 303. 15 
Thermal-alkaline pretreatment
After 2 h of thermal-alkaline pretreatment, the ScoD increased significantly from 19.18% at 303.15 K to 66.39% at 368.15 K, when the ratio of naoh/tS increased from 0.04 to 0.10 (g/g) (Fig. 3) . the corresponding ScoD varied from 15642 mg/l to 41674 mg/l. the addition of sodium hydroxide caused the decomposition of the cell walls in the streptomycin bacterial residue. the VSS increased from 25.41% to 55.00% when the ratio of naoh/tS increased from 0.04 to 0.10 (g/g) (Fig. 4) . the corresponding VSS concentration varied from 25.58 g/l to 11.63 g/l. According to these results, it could be concluded that the thermal-alkaline pretreatment significantly enhanced the amount of the soluble organic matter from the streptomycin bacterial residue. the ScoD and VSS solubilization of the streptomycin bacterial residue with thermal-alkaline pretreatment was almost 4.1 -7.9 times higher than the solubilization only with thermal pretreatment. Biochemical methane potential test to compare the biodegradability of a streptomycin bacterial residue with and without pretreatment, the modified BMP test was performed for 40 days at 303.15 K. the methane yield was higher following alkaline treatment than without pretreatment (Fig. 5) . the methane yield was 380 ml ch 4 /gVS added at 303.15 K and no naoh addition, and increased to 434 ml ch 4 /gVS added at 0.10 naoh/tS ratio and 368.15 K. the added value of the methane yield was obvious, and the maximum increase in the methane yield was 12.44%
after thermal-alkaline pretreatment of the streptomycin bacterial residue. the bioreactor fed with the pretreated streptomycin bacterial residue gave a greater methane yield, and the methane yield increased as the concentration of sodium hydroxide solution and temperature increased. the reason was that thermal-alkaline pretreatment should increase not only the organic solubilization, but also the surface area available for enzymatic action as a result of improving the anaerobic digestion performance. the highest methane yield was obtained with the highest concentration of sodium hydroxide in the bioreactor. Similar results were summarized by lin et al. (15) . pH values and alkalinity the fermentative microorganisms can function in a wider range of ph between 4.0 and 8.5 (10) . ph values in this experiment remained in the range from 7.6 to 8.1 during anaerobic digestion (Fig. 6) . the ph values were all above 7 because of the sodium hydroxide added to the bioreactor. Small changes in ph occur when there are large changes in process performance (4) . the ph of all bioreactors changed very slowly after the 0.10 naoh/tS ratio; it was maintained at a higher value (8.05) until the end of the anaerobic digestion to ensure a steady process. the methane yield was 433 ml ch 4 /gVS added at 0.08 naoh/ tS ratio and 368.15 K and increased to 434 ml ch 4 /gVS added at 0.10 naoh/tS ratio and 368.15 K. the increase of methane yield was very slight. to achieve a better methane yield, ph and naoh concentration were optimized. naoh/tS ratio of 0.08 can be regarded as the most potential pretreatment of the decomposition of a streptomycin bacterial residue.
Conclusions
it was observed that thermal-alkaline pretreatment could significantly enhance not only SCOD and VSS, but also the biodegradability. thermal-alkaline pretreatment may enhance the breakdown of cell walls and membranes of microorganisms, facilitate the contact between organic molecules and anaerobic microorganisms and increase the yield of methane. At temperatures exceeding 348.15 K the methane yield increased indistinctively. ScoD and VSS reached 45.63% and 45.70% at 0.10 naoh/tS ratio and 368.15 K, respectively. the methane yield was 434 ml ch 4 /gVS added at 0.10 naoh/tS ratio and 368.15 K.
